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INTRODUCTION
Valproic acid (VPA) is an anticonvulsant widely used for treatment of neurological disorders (Bialer & Yagen, 2007) and an anticancer drug (Glister et al., 2012) . However, VPA has been reported to exert side effects on reproductive systems of epileptic patients and animal models including decreases of the FSH, LH and testosterone levels, male reproductive parameters and sperm motility, and various histopathological changes suggesting testicular atrophy (Isojärvi, 2008; Hamza & Amin, 2007; Iamsaard et al., 2015; Sukhorum et al., 2016; Sukhorum & Iamsaard, 2017) . Moreover, VPA has been shown to increase the malondialdehyde levels in serum and tissue whereas it decreases the activity of antioxidant enzymes in the testis (Hamza & Amin; Sakr et al., 2014) . In addition, some information about the molecular mechanism underlying the effects of VPA on the male reproductive system, especially effects on spermatogenesis and sex hormone production including testicular Ki-67, phosphorylated proteins, steroidogenic acute regulatory protein (StAR), and cholesterol side-chain cleavage enzyme (P450scc) has been published by our group (Sukhorum et al., 2016) . Currently, many medicinal plants have been used in searching for alternative treatments to prevent such side effects of VPA administration (Hamza & Amin; Sakr et al.; Iamsaard et al.) . Momordica cochinchinensis (L.) Spreng (MC) or Fag Kaow (also called Gac fruit) has been used as a traditional medicinal plant and alternative food in many countries in Asia. extract has antioxidant and pharmacological properties (Kubola & Siriamornpun, 2011; Liu et al., 2012; Zheng et al., 2014) . Although MC has been demonstrated to have antioxidant activities and various phyto-therapeutic properties, the preventive effects on molecular mechanism of testicular damage have never been reported. Therefore, this study aimed to investigate the changes of testicular proteins in VPA-treated rats. Additionally, we have also further demonstrated the protective effect of MC aril extract on other male reproductive organs damaged in VPA-induced rats.
MATERIAL AND METHOD
Preparation of M. cochinchinensis (MC) aril extract. MC collection and extraction were described in our previous report (Sukhorum et al., 2016) . In addition, the antioxidant capacity were already tested such as total phenolic compound, total flavonoid content, DPPH free radical scavenging, and ferric reducing antioxidant power of this extract by Assist. Prof. Somsak Nualkaew, Department of Pharmaceutical Sciences, Faculty of Pharmacy, Mahasarakham University, Mahasarakham, Thailand.
Animals and experimental design. Forty-eight male adult
Wistar rats (200-230 g) were obtained from the National Laboratory Animal Center, Salaya, Nakhon Pathom, Thailand. Rats were housed in polycarbonate cages in the animal experiment room a constant temperature (22±2 °C) under a 12-h light-dark cycle, in North-east Laboratory Animal Center, Khon Kaen University (KKU; Khon Kaen, Thailand). All rats had ad libitum access to a commercial pellet diet and water. Rats were divided into 6 groups (n = 8); control (DW), VPA (500 mg kg-1), MC200 (200 mg kg-1), MC50+VPA (50 mg kg-1), MC100+VPA (100 mg kg-1) and MC200+VPA groups. The experiment periods (divided into two sub-periods: a protective period [days 1-23] and a co-administrative period [days 24-33]) of this study were totally 33 days as followed previous study of our group (Sukhorum et al., 2016) . At the end of experiment (day 34), all rats were euthanized with i. p. injecting of concentrated pentobabital sodium. Then, rats were collected for testes in further investigations. This study was approved by Animal Ethics Committee of Khon Kaen University, based on the Ethics of Animal Experimentation of National Research Council of Thailand (Rec. No. AEKKU-NELAC 17/2557).
Testicular Ki-67 immunohistochemistry study. The right testis was fixed in 10 % formalin in phosphate buffer saline (PBS). They were routinely paraffin processed, sectioned (5 µm-thickness) and placed on glass slides. All sections were processed antigen retrieval, endrogenouse peroxidase blocking, and non-specific proteins blocking, respectively. Then, all sections were probed with rabbit anti-Ki-67 antibody (1:300 (v/v); Millipore, Co., USA) diluted in PBS and incubated. Each section was washed and incubated with a horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG (1:300 (v/v); Invitrogen™, USA). All sections were washed and then were incubated with the Vector NovaRED peroxidase (HRP) substrate kit (Vector Laboratories, USA) for product of this reaction is red color. Continually, sections were dehydrated, cleared, and mounted with DPX, respectively. All section images were photographed at magnification x 400, using a Nikon light ECLIPSE E200 microscope equipped with a DXM1200 digital camera (Nikon, Japan).
Testicular protein preparation and western blot analysis.
The testis at left side was homogenized with RIPA buffer (Cell Signaling Technology, Inc., USA) containing a protease inhibitor cocktail (Sigma-Aldrich, Inc., USA). The total protein concentration was measured by using a NanoDrop ND-1000 Spectrophotometer (NanoDrop Technologies, Inc., USA) at an absorbance of 280 nm. All testicular proteins were separated in 10 % or 8 % (for Ki-67 protein) gel SDS-PAGE. Subsequently, the separated proteins were transferred membrane. The membranes were then incubated with 5 % skim-milk blocking solution and they were further incubated with anti-phosphotyrosine 4G10 antibody (1 : 1000 (v/v); Millipore), anti-StAR antibody (1 : 2000 (v/v); Santa Cruz Biotechnology), anti-AR antibody (1 : 200 (v/v); Santa Cruz Biotechnology), anit-Ki-67 antibody (1 : 1000 (v/v); Millipore) or an anti-b-actin antibody (1 : 1000 (v/v); Santa Cruz Biotechnology; internal control). After membranes were washed, then they were incubated with a horseradish peroxidase-conjugated secondary antibody specific to the primary antibody. Then, the expression of target proteins was detected using an enhanced chemiluminescence (ECL) substrate reagent kit (GE Healthcare Life Sciences) and the ImageQuant 400 imaging system (GH Healthcare Life Sciences). For the intensity of bands proteins expression, it was quantified using ImageJ program. The bovine serum albumin (BSA; Millipore), epidermal growth factor (EGF; Millipore) and StAR lysate were used as a negative or positive control.
Testicular malondialdehyde (MDA) level measurement.
The testicular MDA molecule and proteins were extracted from left testis tissue using RIPA buffer containing a protease inhibitor cocktail and they were homogenated using grinder and ultrasonic homogenizer (Microprocessor controlled 100 Watt Model). Then, the testicular homogenate was centrifuged to separate the testicular lysate supernatant from the pellet. Subsequently, the total protein concentration of the testicular supernatant was measured using a NanoDrop ND-1000 Spectrophotometer at absorbance of 280 nm. For testicular lysate, the concentration of testicular MDA was measured by TBARS assay as applied from Luangaram et al. (2007) . Briefly, testicular lysate was mixed with TBARS reagents. Then, the mixture was boiled in water bath. The cooling mixture was centrifuged. The supernatant of mixture (pink) was measured using Spectrophotometer (UV/VIS) (Evolution 600, Thermo Scientific, USA) at absorbance 534 nm. The MDA concentration was expressed as nMol MDA/ mg protein. A standard curve was plotted from appropriate concentrations (2-25 nMol) of 1,1,3,3-tetraethoxypropane (TEP).
Statistical analysis.
Prior to determining the significance of differences between groups using SPSS version 19.0 (IBM SPSS Statistics), all data were first-subjected to the Shapiro-Wilk test (W-test) to confirm normal distribution and equality of variances. To compare the differences among groups, one-way ANOVA (analysis of variance) was used for data normally-distributed while the Kruskal-Wallis (or H test) was used for none normally distributed data. Two-sided Pvalue < 0.05 was considered as significant difference. Data are expressed as the mean±standard deviation (S. D.).
RESULTS

Effects of MC aril extract on the testicular phosphorylated tyrosine proteins expression.
Western blotting analysis of testicular lysates revealed 6 majors bands (21-, 28-, 32-, 34-, 39-, and 49-kDas) of testicular tyrosine phosphorylated proteins which are detected in all groups (Fig. 1A ). However, there are different four bands (32-, 34-, 39-, and 49-kDas) of such proteins that can be quantified for the intensity of protein expressions by comparing with control group (Fig. 1) . The expression of 32-and 34-kDas phosphorylated protein (Fig. 1B) , the intensity result showed that expression of this protein was significantly increased (P<0.05) in MC200 group to the compared with control group. In contrast, this protein of VPA-treated group was significantly decreased (P<0.05) as compared with control and MC200 groups. Moreover, the expression of 32-kDa protein in MC100+VPA group was significantly increased (P<0.05) when compared with VPA-treated group. For expression of 39-kDa, MC extracts and VPA did not affect a 39 kDa testicular phosphorylated protein compared with control groups. The result showed that 49 kDa protein's intensity was significantly decreased (P<0.05) in MC200 group when compared with control group. Moreover, the expressions of this protein of VPA-treated and MC50+VPA groups were significantly decreased (P<0.05) compared to control and MC200 groups. Therefore, it was found that MC200 induced the intensity of testicular phosphorylated proteins at 32-and 34-kDas as shown to be higher than those in the control group. In contrast, MC extract (200 mg kg-1) reduced the expression of phosphorylated protein at 49-kDa compared with the control. Moreover, the results showed that the expressions of 32-, 34-, and 49-kDas proteins in VPA treated group were significantly lower than that of the control and MC200 groups. Furthermore, MC100+VPA group showed improvement of the testicular phosphorylated proteins at 32-, 34-and 49-kDas compared with VPA-treated group (Fig. 1) .
Effects of MC aril extract on the testicular Ki-67 protein. AR proteins in testicular lysate were detected with anti AR (N-20) by western blotting (Fig. 2A ). The intensity of AR was calculated from intensity of AR band per intensity of b-actin band. The results showed that the expression of testicular AR protein in VPA treated group was significantly lower (P<0.05) than that as compared to the control and MC treated groups (MC200, MC50+VPA, MC100+VPA, and MC200+VPA). Moreover, the expression of AR protein in MC100+VPA group was significantly improved (P<0.05) when compared with VPA-treated rats.
For StAR protein expressions, the results showed that MC extracts (MC50+VPA, MC100+VPA, and MC200+VPA) significantly improved the expressions of StAR protein (P<0.05) in dose dependent as compared to VPA-treated rats (Fig. 2B) . However, the StAR protein expressions in co-treatments (MC50+VPA, MC100+VPA, and MC200+VPA) were significantly lower than (P<0.05) that of the control group (Fig. 2B ). In addition, the results showed that MC extract (200 mg kg-1) did not change the testicular StAR protein expression as compared the control group (Fig. 2B) .
Moreover, western blotting analysis of testicular lysates revealed a Ki-67 protein of testicular lysate was detected at a 395-kDa protein band (Fig. 2C) . Moreover, to quantify the changes of Ki-67 protein expression, the results were showed that the intensities of Ki-67 protein in all treated group (VPA, MC200, MC50+VPA, MC100+VPA, and MC200+VPA) were significantly lower (P<0.05) than that of the control groups. However, intensity of this protein in MC200 group tended to increase as compared with VPAadministrated groups. Furthermore, intensity of Ki-67 protein in MC100+VPA group was shown that it tended to increase as compared with VPA-treated group (Fig. 2C ).
Effects of MC aril extract on the localization of Ki-67 protein on testis. The presence of Ki-67 protein in testicular tissue was also investigated by immunohistochemistry localization. Fig. 3 shows localization of testicular Ki-67 protein within in nuclei of Sertoli cells and spermatogonia (dark red color as considered to be positive cells). Moreover, it was found that that this protein was greatly localized in Sertoli cells more than spermatogonia of testicular control and MC200 groups (Fig. 3B, 3D) . In contrast, this presence of spermatogonia was higher than Sertoli cells which was found in sections of VPA, MC50+VPA, MC100+VPA, and MC200+VPA (Fig. 3C, 3E, 3F, 3G ).
Testicular malondialdehyde (MDA) levels. The results showed that MDA levels in testicular lysate of VPAtreated rat was significantly higher (P<0.05) than that of the control rats (Fig. 4) . In addition, MC extracts could reduce the MDA level in VPA-treated rats. Moreover, MC extract at dose 100 mg kg-1 significantly decreased (P<0.05) the MDA level as compared with VPA-treated rat. In addition, this study showed that MC200 did not affect testicular MDA level when compared with control rats. 
DISCUSSION
The present study has demonstrated that MC aril extract could improved the changes of the testicular StAR protein, androgen receptor (AR), and tyrosine phosphorylated (32-, 34-, 49-kDa) proteins expression in VPA-treated rats. Moreover the testicular malondialdehyde (MDA) level in VPA-treated rats was significantly decreased by protective effect of MC extract. Recently, a previous study of our group showed that MC extract has indeed protective effects on testicular damage induced by VPA (Sukhorum et al., 2016) . It was described by present study that MC aril extract significantly reduced the testicular MDA level in male rats induced with VPA (Fig. 4) . In consistency to other reports, MC aril extract has been reported to have high antioxidant activities (Kubola & Siriamornpun) . Since MC extract has been proved for its high antioxidant activities (Kubola & Siriamornpun) , besides decreasing of MDA, it has been assumed that MC aril extract may have abilities in increasing of catalase and glutathione peroxidase in the testicular tissue as previously reported (Hamza & Amin; Sakr et al.) . Such activities may be the actions of high caratenoids, especially lycopene and b-carotene contents (Aoki et al., 2002; Kubola et al., 2013) and vitamin E (Vuong le et al., 2002) . Therefore, MC aril extract containing high antioxidant capacity could prevent adverse reproductive parameters of VPA-treated rats as previously reported (Hamza & Amin; Sakr et al.; Iamsaard et al.; Ourique et al., 2016) via oxidative pathways. The biochemical and molecular analyses were performed to explain additional mechanisms of how the MC could prevent such adverse effects. The protective tissue damage effect demonstrated in this study is a phytotherapeutic property of MC extract besides other pharmacological properties shown in previous reports (Liu et al.; Zheng et al.) . Moreover, present study found that MC improved expression of these phosphorylated proteins (Fig. 1) which associated with increased sperm concentration in MC+VPA groups (Sukhorum et al., 2016) . In general, Ki-67 protein is a cell proliferative marker (Steger et al., 1998; Whitfield et al., 2006; Angelopoulou et al., 2008) . In testis, it presents in the nuclei of spermatogonia and Sertoli cells (Steger et al.; Schwalm et al., 2007) . For immunohistochemistry of anti-Ki-67 protein result in this study, this protein was also detected in nuclei of spermatogonia and Sertoli cells (Fig.  3) as shown in previous reports. Additionally, the expression of Ki-67 protein was quantified using western blotting. The result showed that the Ki-67 expressions in both VPA-and MC-treated groups were lower than control group. This study suggested that low expression of this protein might associate with the decreasing of germ cell proliferation resulting in testicular damages, spermatogenic arrest, and damage of seminiferous tubule as demonstrated in previously reports (Steger et al.; Schwalm et al.) . In testis, testosterone hormone is synthesized within Leydig cell. The precursors of this hormone are cholesterols and further transferred onto the mitochondrial membrane via StAR protein binding. In general steroidogenic cells, previous in vitro studies have demonstrated that VPA significantly decreased the gene expressions of STAR, CYP11A1 and CYP17A1 (Gustavsen et al., 2009; Glister et al.) . The low expressions of such proteins are usually explained the direct causes of low testosterone hormone production. In addition, the AR is testosterone hormone receptor expressed in Sertoli cells, peritubular myoid cells, and Leydig cells of testis and in epithelial and stromal cells of the epididymis (Anthony et al., 1989; Zhu et al., 2000) . This receptor signaling is important for the steps of spermatogenesis to maintain sperm production (O'Hara & Smith, 2015) . Additionally, VPA was shown to reduce testosterone levels (Bauer et al., 2004; Herzog et al., 2004; Sukhorum et al., 2017) but actual mechanism of that effect was still unexplained. To clarify that issue, this study demonstrated that the low expression of testicular StAR and AR proteins in VPA-treated rat as compared with control. It was found that the MC extract could also improve the expression of these proteins. However, the mechanism of MC action on the upregulation of StAR and AR proteins is still unknown. Previous reports have explained that the action of VPA is involved in oxidative stress in male reproductive system (Hamza & Amin; Khan et al., 2011; Ourique et al.) by causing testicular DNA damage (Sakr et al.; Durairajanayagam et al., 2014) . All together with previous reports, MC is an antioxidant plant that has efficacy to prevent the oxidative stress form VPA treatment. In conclusion, our study indicates that MC aril extract is safe for use and can protect the adverse male reproductive parameters in treatment with VPA. RESUMEN: Se ha informado que el ácido valproico (VPA), un fármaco antiepiléptico, causa infertilidad masculina. Junto con la búsqueda de tratamientos alternativos, los grados a los que los niveles de testosterona y la calidad del esperma son disminuidos bajo el tratamiento de VPA también necesitan ser aclarados. El objetivo de este estudio fue investigar los efectos protectores del extracto aril de Momordica cochinchinensis (MC) que contiene capacidad antioxidante sobre parámetros reproductivos adversos inducidos con VPA. Las ratas se dividieron en 6 grupos (control, VPA, 200 mg kg-1 de MC solamente, 50, 100, 200 mg kg-1 de MC + VPA, respectivamente; n = 8 en cada uno). Los animales fueron pretratados con extracto de MC durante 23 días antes de la coadministración con VPA (500 mg kg-1, i.p.) durante 10 días consecutivos. Se examinaron todos los parámetros reproductivos, incluyendo la histología, y la expresión de receptor de andrógenos (AR), Ki-67, proteínas fosforiladas con tirosina y proteínas esteroidogénicas en los testículos. Los resultados mostraron que MC podría prevenir todos los parámetros reproductivos en las ratas tratadas con VPA. Además, los grupos MC + VPA mostraron una disminución significativa de las histopatologías testiculares en comparación con el grupo VPA. También disminuyó el nivel de malondialdehído y los cambios de las expresiones testiculares de las proteínas StAR, AR y tirosina fosforiladas. En conclusión, el extracto de aril de M. cochinchinensis puede prevenir los parámetros reproductivos masculinos adversos y los daños esenciales de proteínas testiculares inducidos con VPA.
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